Background: Cystic Fibrosis (CF) is a monogenic disease with complex expression because of the action of genetic and environmental factors. We investigated whether the ACE gene D/I polymorphism is associated with severity of CF.
Background
CFTR gene mutations are crucial in modulating the severity of cystic fibrosis (CF), along with environmental factors and modifier genes [1] [2] [3] [4] [5] [6] [7] . CF occurs with heterogeneous clinical presentation. Among the clinical symptoms, that of highest variability is lung disease [5] , and modifier genes have been analyzed and associated as possible factors that influence this clinical response [3, 7] .
The ACE gene codifies the Angiotensin Converting Enzyme (ACE). Based on the pro-inflammatory property of the ACE protein [8, 9] , the ACE gene was selected as a possible genetic marker for clinical denotation in CF. The ACE enzyme catalyzes the conversion of angiotensin I to angiotensin II peptide, acting in the blood pressure control and the electrolyte balance of blood, being an important vasoconstrictor and stimulant of aldosterone [8, 10] .
The ACE gene is located on region 17q23.3 [11] . A biallelic polymorphism, named as I (insertion) and D (deletion), with D allele characterized by a deletion of the 287 pb DNA fragment in intron 16, affects the level of the ACE enzyme. The polymorphism determines the amount of ACE enzyme in the plasma and tissues [8, 10, 12] . Individuals with I/I genotype have low concentrations of ACE; with D/D genotype, higher concentrations; and with D/I genotype, intermediate.
The aim of this study was to investigate the association of the ACE gene D/I polymorphism and CFTR genotype with the severity of CF, determined by twenty four clinical markers of the disease.
Methods
We conducted a cross-sectional study with patients from the CF Specialized Center at the University of Campinas -UNICAMP, in a period from 2009 to 2011. Diagnosis of CF was confirmed in patients through two doses of sodium and chloride from the sweat with values greater than 60 mEq/L. In a cohort of patients we identified two mutations in the CFTR gene. No patient had received the neonatal screening test performed for CF.
Two hundred and fifteen patients were selected for the study. Thirty five patients without clinical data for statistical analysis and those who did not sign the consent form were excluded. Patients' DNA was obtained by phenol-chloroform extraction. The concentration of DNA used for analysis was 50 ng/mL, evaluated using GE NanoVue TM Spectrophotometer (GE Healthcare Biosciences, United States of America, Pittsburgh).
Determination of mutations in the CFTR gene
Determination of mutations in the CFTR gene was performed in the Laboratory of Molecular Genetics for mutations by polymerase chain reaction (F508del) and restriction fragment length polymorphism method (G542X, R1162X, R553X, G551D and N1303K). Some mutations in patients with CF were obtained by sequencing or MLPA (Multiplex Ligation-dependent Probe Amplification) analysis: S4X, 2183A > G, 1717-G > A and I618T. For sequencing and MLPA, we used the same MegaBace1000
W property (GE Healthcare Biosciences, United States of America, Pittsburgh) [13] . The CFTR genotype was used as a correction factor for statistical analysis. All mutations identified were included in classes one, two or three of the CFTR gene. Others identified mutations as class IV (P205S e R334W) were included in the statistical analysis in the not identified mutation subgroup, to minimize the associated factor with the mutation classes in the CFTR gene, being that the class IV is associated with a minor severity.
ACE gene D/I polymorphism analysis ACE*D and ACE*I were identified by amplifying the respective fragments from intron 16 of the ACE gene. The PCR reaction contained 25μL with 100 ng of DNA, 1 μM of each primer, 200 μM of deoxynucleotide triphosphate, 1.3 mM of MgCl 2 , 50 mM of KCl, 10 mM of Tris-HCl (pH 8.4 at 25°C), 0.1% of Triton X-100 and 0.35U of Taq DNA polymerase. A pair of primers (hace3s, 5'-GCC CTG CAG GTG TCT GCA GCATGT-3'; hace3as, 5'-GGA TGG CTC TCC CCG CCT TG TCTC-3') was used to amplify ACE*D and ACE*I, resulting in 319 bp and 597 bp, respectively [8, 10, 12, 14] . The procedure for thermal cycling consisted of initial denaturation at 94°C for 7 min, subsequent denaturation at 94°C for 30 min, annealing at 56°C for 45 min, and extension at 72°C for 2 min, repeated for 35 cycles followed by a final extension at 72°C for 7 min. After the addition of 5 μL of glycerol-based loading buffer, 7 μL of the reaction was applied in agarose gel containing 1.5% of acetate, 40 mM of TRIS, 2 mM of EDTA and 1 μg of ethidium bromide per milliliter [8, 10, 12, 14] .
Due to the preferential amplification of the ACE*D in heterozygous individuals, each initial sample with a D/D genotype was passed through a second PCR reaction.
Primers used: Hace 5a, 5'-TGG GAC CAC-AGC GCC CGC CAC TAC-3' and hace 5c, 5'-TCG CCA GCC CTC CCA TGC CCA TAA-3'. The PCR conditions were identical, except for the annealing temperature of 67°C. A 335 bp sequence was amplified in the presence of at least one allele [8, 10, 12, 14] .
Clinical markers of severity of disease
Clinical scores of Kanga, Shwachman-Kulczycki and Bhalla (BS) were performed blindly by three qualified professionals from UNICAMP. These scores measure the pulmonary exacerbation, severity of CF and structural impairment of the lung, respectively [15] . Nutritional status was obtained by calculating the Body Mass Index (BMI) for age using the programs WHO Anthro [16] , for patients up to five years old, and WHO Anthro Plus [17] , for patients aged 5 to 19 years old. For patients older than 19 years old, the BMI was calculated [18] . Age of the diagnosis, the onset of pulmonary and digestive symptoms, and the first isolation of Pseudomonas aeruginosa, were used as markers of initiation of the disease. Results of cultures of sputum, performed during routine diagnosis for the mucoid and nonmucoid bacteria P. aeruginosa, Staphylococcus aureus, Burkolderia cepacia (BC) and Achromobacter xylosoxidans were included. Spirometry was performed in the Laboratory of Pulmonary Physiology (LAFIP) according the standards of the American Thoracic Society [19] . Parameters analyzed were: forced expiratory volume in 1 second (FEV 1 ), forced vital capacity (FVC), FEV 1 /FVC ratio, forced expiratory flow between 25-75% and transcutaneous oxygen saturation (SaO2). For analysis of the spirometry data, we used the predicted value in%. Comorbidities (nasal polyposis, osteoporosis, diabetes mellitus, pancreatic insufficiency and meconium ileus) were also analyzed.
Statistical analysis
Variables described for the onset of illness (age at diagnosis, onset of pulmonary and digestive symptoms and first isolation of P. aeruginosa) were categorized into two groups according to the median of the data, due to a non-normal distribution of data. Data categorized by the median are divided into two cohorts with similar sample size. For clinical evaluation of the scores from the SaO2 and spirometry tests, analyses were performed without adjusting the data. Bacteria isolated from the culture of airway secretions were used as markers according to the presence or absence of bacteria in three consecutive cultures in the past two years. Comorbidities were compared in terms of presence or absence. Statistical analyses was performed using the Statistical Package for the Social Sciences (SPSS) v.17.0 [20] and the R program version 2.12 (Comprehensive R Archive Network, 2011). In order to avoid spurious data due to the problem of multiple testing [21] , the level of significance α, was adjusted using the Bonferroni correction for four tests. Calculation of statistical power for the sample, carried out by software GPOWER 3.0.5 [22] , showed a statistical power above 80% for the analysis performed.
Data were compared by the linear and logistic regression analysis. For comparison between genotypes and the variables with numerical distribution, T-student test was applied to normal data distribution or MannWhitney test to non-normal data distribution. Genotyped data for the CFTR gene was used to establish an association between the CFTR gene, ACE gene and clinical variables. All mutations analyzed in our study were included in classes I, II or III. In the analyzed sample, four different analyses were performed in order to detail the effect of the genotype of the CFTR gene in clinical severity. The analyses were performed in the cohorts: (1) all patients with CF (180 patients); (2) 
Results and discussion
From the sample of 180 analyzed patients, 90 (50%) were male, 165 (91.7%) were European-Caucasian derived and 15 (8.3%) were African-derived individuals. The patients' CFTR genotypes were: 44 patients (24.44%) without identified mutation, 51 (28.33%) with one identified mutation (25% F508del/-, 2.78% G542X/-, 0.56% R1162X/-) and 85 (47.22%) patients with two identified mutations (31.67% F508del/F508del, 6.67% F508del/G542X, 2.78% F508del/R1162X, 2.22% F508del/N1303K, 0.56% F508del/ R553X, 0.56% F508del/S4X, 0.56% F508del/1717-1 G > A, 0.56% G542X/R1162X, 0.56% G542X/I618T, 0.56% G542X/2183A > G and 0.56% R1162X/R1162X). [23] . There was no difference in frequency of genotypes in relation to our study (p = 0.210). The analyses of the ACE gene D/I polymorphism with the clinical variables are denoted in Table 2 , where every association possible between the clinical trial, CFTR mutation identified and ACE gene D/I polymorphism can be observed.
The ACE gene D/I polymorphism was associated with the onset of clinical manifestations (Table 3) , in the subgroup of patients with one identified CFTR mutation. We observed that patients with I/I genotype had OR: 0.297 (0.084 -0.995), as protection factor, and the ones with D/D genotype had OR: 1.519 (1.074 to 2.146), as a severity factor.
The ACE*D is associated with a higher gene expression and, consequently, promotes a greater inflammatory response in the body, leading to early symptoms [8, 10, 12, 14, 24] . The earliest onset of signs and symptoms are accompanied by early onset of inflammation and deterioration of lung and pancreatic functions. These symptoms are characteristic of severe patients.
An association of the infection/colonization by B. cepacia with ACE gene D/I polymorphism was identified (Table 4 ). In the analysis of the BS and ACE gene D/I polymorphism, an association was found when no grouping by CFTR genotype occurred (p = 0.015), as well in the subgroup of patients for whom one class I, II and/or III mutation have been identified (p = 0.038), and in the subgroup of patients for whom two class I, II and/or III mutation have been identified (p = 0.042) (Figure 1 ). There was no difference between BS and the age of patients after categorization. Younger patients (≤ 154 months) had the same distribution of BS as older patients (> 154 months) (p = 0.761). Age is not a variable that contributes to the association between the ACE gene D/I polymorphism and BS. The analysis of an association between the BS and the age of patients with CF was performed in order to show that age had no influence on the score value analysis. We can conclude that the ACE gene D/I polymorphism acts in genetic modulation by association with BS. The BS is a computed tomography score, which measures pulmonary involvement, therapeutic effects and selection of patients for transplantation, which detects anatomical changes of the lung parenchyma [15, 25] . The BS has low variation between examiners, good reproducibility, high sensitivity and specificity, and high correlation with pulmonary function test [15] . The values obtained in the score can predict severity associated with deterioration of the Others identified mutations as class IV (P205S e R334W) was included in the statistical analysis in the not identified mutation subgroup, to minimize the associated factor with the mutation classes in the CFTR gene.
structure of the lung parenchyma, which later in clinical evolution can be observed by other variables such as BMI and lung function. Evolution of CF is secondary to mutation class in the CFTR gene and environment factors. Many studies have correlated mutations, polymorphisms and clinical variables to CF [5, 26] . Association studies commonly face the problem of having insufficient sample size for the number of mutations in the CFTR gene to achieve a homogeneous population and characterize the follow-up of chronic and persistent lung disease [27] .
Unlike other genetic diseases such as asthma, CF is monogenic. It was expected that mutations in the CFTR gene would determine the CF severity. Patients with mutations of classes I, II and III have more severe clinical forms than those with mutations IV, V and VI. However, we can observe changes in severity of CF in patients with identical mutations in the CFTR gene [28] . Our study allowed us to characterize the association between the CFTR gene, the environment and one possible CF modifier gene in patients of a Reference University Center, using a statistical method of gene association versus clinical markers.
The main environmental factor in the clinical variability of CF is the patients´access to treatment [28] . At our center, treatment is guaranteed by the public health system, which allows equal access for all patients included in the study, and it is not an additional factor in the analysis of data, which is not true in all CF centers in Brazil. Unlike the U.S. where the private system ensures better treatment in CF [29] , in Brazil, the public health system is the reference.
Some review articles have suggested a possible modulation of the CF severity by the ACE gene. This fact is based on the proinflammatory property of the ACE protein [2, 3, 30] . To the best of our knowledge, few studies had characterized the ACE gene as a potential factor in the clinical CF severity [8, 30, 31] . Bartlett et al. (2009) [31] , in a multicenter study, studied the same polymorphism in relation to the propensity for liver disease in patients with CF. They genotyped 124 patients with CF and liver disease and 843 patients with CF and no liver disease. In addition to this polymorphism, four other genes, and their polymorphisms, were analyzed. The polymorphism D/I in the ACE gene was not associated with the presence of liver disease in CF patients, OR: 1.11 (0.85 to 1.44).
Finally, the presence of B. cepacia complex increases inflammation, favoring the exacerbation of immune response, further deterioration of the bronchopulmonary structure and causing rapid deterioration of lung function [32] . More studies to determine whether the presence of the D/D genotype causes increased gene expression and, therefore, facilitates chronic infection by different bacteria are needed. The D/D genotype of the ACE gene D/I polymorphism was significantly associated with higher values of BS. Higher values on the BS are associated with greater clinical severity [15] . Patients with the D/D genotype had higher severity, when compared to patients with the I/I genotype. This data confirms that higher gene expression, given by the D allele, leads to a change in the structure of the lung parenchyma, with subsequent increases in the value of the score.
Our data suggest that ACE gene should be studied in other populations, principally in populations with high prevalence of chronic pulmonary infection by B. cepacia, early onset of clinical manifestations and early onset of severe lung disease (showed by BS).
Patient's subgroups that were defined on the basis of CFTR mutation analysis may also to be different in comorbidities which may unmask the role of the ACE gene as modifier that was studied in this study, being a limitation of our work.
Conclusion
CF patients with the D/D genotype for the ACE gene D/ I polymorphism have a higher risk for chronic infection with BC and deterioration of lung function, characterized by a high BS. There was an association between the presence of the D allele ACE gene and the severity of CF. Further studies are needed to verify the proinflammatory activity of this gene in CF, along with a larger CF population with homogeneous CFTR mutation; suggesting that in this case, a multicenter study is necessary.
